Three experiments involving 192 crossbred boars evaluated the effects of dietary Se ( 0 or .5 ppm) and vitamin E ( 0 or 220 IU/kg) on growth, tissue Se, and a-tocopherol concentrations, and on semen quality and its subsequent effect on fertilization rate in mature gilts. Diets formulated used torula yeast and dextrose or cornstarch as the basal feedstuffs and were provided from weaning through sexual maturity. The basal diets averaged .063 ppm Se and 3.46 mg a-tocopherol/kg diet. Experiment 1 was a 2 × 2 factorial and conducted as a randomized complete block design in six replicates. Boars were allotted at weaning (initial BW 7.7 kg) with growth and feed performance determined to 145 kg BW. Five boars were killed at weaning and three from each treatment group at periodic intervals to 145 kg BW. Serum and tissue Se and a-tocopherol concentration and glutathione peroxidase (GSH-Px) activity were subsequently determined. No performance benefit from either nutrient was demonstrated. Tissue (serum, liver, and testis) GSH-Px activity and Se and atocopherol concentrations were higher ( P < .01) at each period when that respective nutrient fortified the diet. Testis GSH-Px activity increased from weaning to 145 kg BW even when Se was not added to the diet. Experiment 2 was conducted after training three boars from each treatment group of Exp. 1 for semen collection. From 9 mo of age and for a 16-wk period, semen was collected three times weekly and the volume, sperm concentration, motility, and percentage of normal and abnormal sperm were determined. Boars fed either the nonfortifed Se or vitamin E diets had sperm with lower motilities ( P < .01) and a higher percentage of sperm cells with bent and shoehook tails ( P < .01). Diets low in added Se seemed to have a greater detrimental effect on the percentage of motile and abnormal sperm than diets inadequate in vitamin E. Sperm cells had a high concentration of Se and a-tocopherol, and a high GSHPx activity. Experiment 3 was conducted using the boars from Exp. 2; 34 mature gilts were inseminated at 12 and 24 h after estrus. Gilts were killed 5 to 7 d postcoitum and the reproductive tracts were recovered. The semen from boars fed the nonfortified Se diet had a lower fertilization rate of oocytes with fewer accessory sperm penetrating the zona pellucida. The results from these experiments indicate that dietary Se and vitamin E can affect boar semen quality, but the greater effect seemed to be from Se.
Introduction
A study by Liu et al. (1982) indicated that a prolonged Se deficiency in boars resulted in low sperm concentrations, reduced sperm motility, and sperm with a high incidence of cytoplasmic droplets. This is in contrast to other experiments in which the addition of inorganic Se to the diets of rams, boars, and dairy or beef bulls did not improve their semen quality (Buchanan-Smith et al., 1969; Smith et al., 1979; Bartle et al., 1980; Segerson and Johnson, 1980; Segerson et al., 1981; Henson et al., 1983) . It is possible that the animals in these latter trials were not deficient in Se and their reproductive products had not been affected. a The a-tocopherol and Se content assayed in the basal diet of Period 1 averaged 3.92 mg/kg and .067 ppm, respectively.
b Vitamin E and Se premixes were added at the appropriate treatment levels at the expense of dextrose. Vitamin E was provided as dl-a-tocopheryl acetate and inorganic Se as Na 2 SeO 3 in a limestone carrier.
c The a-tocopherol and Se content assayed in the basal diet of Period 2 averaged 3.00 mg/kg and .060 ppm, respectively.
d Hydrolyzed cornstarch. e Supplied the following per kilogram of diet: 10 mg of Cu (copper oxide), 100 mg of Fe (ferrous sulfate), .20 mg of I (calcium iodate), 40 mg of Mn (manganese oxide), 120 mg of Zn (zinc oxide), and 2.8 g of salt (NaCl).
f Supplied the following per kilogram of diet: 1,500 IU of vitamin A (acetate), 220 IU of vitamin D 3 , .5 mg of vitamin K (menadione), 3.0 mg of riboflavin, 10 mg of d-pantothenic acid, 13 mg of niacin, 15 mg of vitamin B 12 , .4 g of choline, and 66 mg butylated hydroxytoluene (BHT).
g Supplied per kilogram of diet for Period 1: 110 mg of chlortetracycline, 110 mg of sulfamethazine, and 55 mg of penicillin.
h Supplied per kilogram of diet for period 2: 55 mg of chlortetracycline. Vitamin E deficiencies caused testicular degeneration in chickens, rats, hamsters, rabbits, guinea pigs, dogs, cats, pigs, and monkeys and resulted in a lower number of germ cells and a reduction in sperm production (Mason, 1926 (Mason, , 1933 (Mason, , 1940 (Mason, , 1954 Mason and Maner, 1957; Cooper et al., 1987) . BrzezinskaSlebodzinska et al. (1995) suggested that dietary vitamin E may serve as an antioxidant in boar semen. Jones and Mann (1977) demonstrated that peroxidative structural damage to sperm occurred when unsaturated fatty acids were present in semen; this resulted in a decline in sperm motility, but the addition of tocopherol to the ejaculate did not protect the sperm from peroxide damage.
Item
Because Se and vitamin E can affect testicular and(or) spermatozoal development and subsequent sperm motility, the deficiency of either nutrient may affect different aspects of the male reproductive processes and possibly the fertilization of oocytes in the female. Consequently, the objectives of this study were 1 ) to evaluate the efficacy of dietary Se and vitamin E levels on boar growth and resulting tissue concentrations of these nutrients, 2 ) to evaluate the effects of these nutrients on semen quality, and 3 ) to evaluate the effects of this semen on the fertilization rate in female swine.
Materials and Methods
Treatments and Diet Formulations. Four experimental diets varying in dietary concentrations of Se ( 0 or .5 ppm) and vitamin E ( 0 or 220 IU/kg diet) were fed to boars from the onset of weaning. Treatment diets were fed in meal form and formulated using torula yeast and either dextrose or cornstarch as the major basal ingredients. Two diets were provided in sequence within each treatment group, each meeting the NRC (1988) nutrient requirements for each production phase except for the nutrients being evaluated. The first diet was provided from weaning to 25 kg BW, and the second was provided from 25 kg BW to the end of the experiment. Dietary Se was added as sodium selenite, and vitamin E was dl a-tocopheryl acetate. Composition of the two basal diets is presented in Table 1 . All diets were consumed on an ad libitum basis from weaning to approximately 145 kg BW and thereafter were fed to individual boars at approximately 2 kg/d to the end of the three experiments. Experiment 1. The first experiment evaluated the dietary effects of vitamin E and Se on boar growth and resulting serum and tissue concentration responses from weaning to 145 kg BW. The experiment was a 2 × 2 factorial arrangement of treatments in a randomized complete block design conducted in six replicates during three time periods.
A total of 192 ([Landrace × Yorkshire] × Duroc) boars initially averaging 7.7 kg BW were allotted at weaning ( 4 wk of age) by litter and weight to the four experimental diets. Pigs were initially housed in groups of eight per pen, but the number per pen declined when boars were killed for tissue collection. During the nursery period, boars were placed in elevated deck pens with a pen space of .23 m 2 per pig, and from 25 to 145 kg BW a minimum space of 1.75 m 2 per pig was provided in a concrete slotted (25%) floor pen.
At weaning, five boars were electrically stunned and killed by exsanguination. Testis and liver samples were collected and frozen in liquid N. Samples were maintained at −20°C for later analyses of vitamin E and Se concentrations and glutathione peroxidase ( GSH-Px) activities. The same tissues were collected in a similar manner from three boars each at 25, 100, 135, and 145 kg BW in three replicates (one pig/pen at each weight). Serum was collected from five boars per pen at each of the above weights and analyzed for Se and a-tocopherol contents and GSH-Px activity.
Experiment 2. After the completion of Exp. 1, the boars were fed a restricted quantity ( 2 kg/d) of their treatment diet but they remained in their finisher pens. At approximately 8 mo of age, three boars were randomly selected from each treatment group and trained for semen collection. After a 4-wk period, semen from the 12 treatment boars was collected three times weekly for a 16-wk period. One boar was removed because of a testicular hernia and another because of poor libido. Three additional boars per treatment group were retained in a sexually inactive state in adjacent pens but continued being fed their treatment diet at 2 kg/d.
Collected semen was strained through sterile gauze in a prewarmed thermos (37°C), the gelatinous phase discarded, and the subsequent volume of the strained ejaculate measured to the nearest milliliter. Semen quality was evaluated by placing approximately 25 mL of the strained fraction on a prewarmed (37°C) microscope slide for the determination of sperm motility within 3 min after collection. Motility was identified as those sperm cells that demonstrated progressive motility. Sperm concentration was determined using .025 mL of semen, diluted with .5 mL of a fixative solution containing 7% formaldehyde and .85% NaCl mixed in a 1:1 (vol/vol) ratio. The diluted semen was placed on a hemocytometer with the sperm counted in five squares of one chamber, and the percentage of normal to total sperm was calculated. The total number of sperm was determined by multiplying sperm concentration by the volume of the strained ejaculate. In addition, the number of tailless sperm, those with coiled, bent, or shoehook tails, and those with cytoplasmic droplets were independently determined and the percentage of each was calculated in relation to the total concentration.
At each collection period, semen samples of approximately 50 mL were frozen and stored at −20°C for later analysis. The semen samples collected from wk 1 and 16 were later centrifuged, the seminal plasma and sperm separated, and the Se and a-tocopherol concentrations and GSH-Px activities determined.
Experiment 3. After the 16-wk collection period of Exp. 2, the remaining 10 treatment boars were transferred to another location (Wooster, OH), continued on their treatment diets, and semen collections continued twice weekly for about 8 wk. During the week before the start of Exp. 3, the semen was characterized for the various measurements as in Exp.
2.
A total of 34 gilts (approximately 10 mo of age) that had been previously pen-mated to nonexperimental boars were used in this trial. Their pregnancy was terminated at about 45 d postcoitum with an injection of prostaglandin F 2a to synchronize them to a common time of estrus. The gilts were housed in groups of 10 to 12 in outdoor concrete-floored pens with wooden sheds and fed a vitamin-and mineral-fortified corn-soybean meal diet that met or exceeded NRC (1988) recommendations at 1.8 kg/d in individual feeders. Estrus status was evaluated twice daily using nonexperimental boars. After the onset of the second estrus, the gilts were artificially inseminated with the semen of treatment boars. Gilts were randomly allotted to the 10 treatment boars, restricting the total number of females from three to four per boar.
Collected semen from each boar was diluted with Kiev extender (60 g D [+] glucose, 3.7 g trisodium citrate, 3.7 sodium EDTA, .5 g sodium bicarbonate, .69 g streptomycin sulfate, and .41 g penicillin-G dissolved in 1,000 mL of double-distilled water) so that the total sperm concentration per insemination was constant (80 × 10 6 cells/mL). Gilts were inseminated with 100 mL of the Kiev extended semen at 12 and 24 h after the onset of estrus. The semen for both inseminations from each boar was prepared from the initial collection. The diluted semen for the second insemination was stored in a darkened cabinet at room temperature.
Gilts were killed 5 to 7 d after insemination at a local abattoir where the reproductive tracts were collected then transported to the laboratory, flushed with 60 mL of saline solution (.85% NaCl), and the number of corpora lutea and concepti were counted. Recovered concepti were examined under light microscopy (40×) and a fertilization percentage calculated. Accessory spermatozoa within the zona pellucida were counted under light microscopy (100×) in all concepti recovered.
After the completion of Exp. 3, the 10 treatment boars continued their semen collection process until 18 mo of age. At this time, the 10 treatment boars and the 12 boars that had been sexually inactive were electrically stunned and killed by exsanguination. Serum, testis, and liver samples were collected from both sets of boars and frozen at −20°C for later analysis of Se and vitamin E concentrations and GSHPx activity. Removed testes were weighed, and maximum circumference, length, and width were measured to the nearest millimeter.
Analytical Procedures. Feed, serum, tissues, and the semen fractions were analyzed for Se with the procedure of Koh and Benson (1983) with atocopherol determined with the HPLC procedure outlined by Zaspel and Csallany (1983) . Glutathione peroxidase activity was analyzed with the method of Lawrence and Burk (1976) .
Performance data and tissue concentrations of Se and a-tocopherol and GSH-Px activity were statistically evaluated as a 2 × 2 factorial in a randomized complete block design with pen as the experimental unit. Statistical analyses were performed using the GLM procedure of SAS (1985) . In Exp. 2, repeated measures over time were tested in a split-plot design for the various semen quality measurements using boar as the main plot. Semen measurements were contrasted for the entire 16-wk period, and nutrient analysis of the semen and semen fractions were contrasted for wk 1 and 16 of the collection period. Measurements and nutrient concentrations of sexually active and inactive boars used boar as the experimental unit. In Exp. 3, fertilization rates were analyzed as a split-plot design with sow serving as the main plot 
Results

Performance Responses and Tissue Se and α-Tocopherol Contents. The effect of dietary Se and
vitamin E on boar gain, feed intake, and gain:feed ratio responses are reported in Table 2 . Although there was a trend for higher gains, feed intakes, and an improved feed efficiency when either Se or vitamin E was added to the diets of growing boars, neither the main effects of the variables nor their interaction was significant ( P > .15).
Serum, liver, and testis Se tissue concentrations and GSH-Px activities at each measurement period were higher ( P < .01) when Se was added to the diet (Table 3) . Serum Se concentration declined from weaning to 145 kg BW and was lower at each measurement period ( P < .01) when the unfortified Se diet was fed. Although liver and testis Se concentrations were lower when the unfortified Se diet was fed, each tissue maintained a relatively constant concentration of this element from 25 to 145 kg BW.
Serum GSH-Px activity was lower ( P < .01) at each measurement period when the unfortified Se diet was fed to boars, but the activity of this enzyme was lowest between 25 and 100 kg BW, whereupon it increased ( P < .01). Liver GSH-Px activities were lower when Se was not added to the diet, resulting in a decline from weaning to 130 kg BW, whereupon there was a rise ( P < .01). The increased GSH-Px activity in the serum and liver when boars were fed the unfortified Se diet implies that the Se requirement was lessened as boars matured. Testis GSH-Px activity was lowest ( P < .01) when the unfortified Se diet was fed but increased at each respective measurement period even when the diet did not contain added Se. The relative GSH-Px activity in the testes of boars fed the unfortified Se diet was comparatively high, averaging 66% to the testis Se content of the group fed Se. When the unfortified Se diet was fed, boar liver GSH-Px activity was only 17% compared to the liver value of the group fed added Se. These results imply that the testis has a high priority to retain and utilize Se and received a source of Se, probably from the labile body tissue Se reserves.
Dietary vitamin E level did not affect serum liver or testis Se concentration or GSH-Px activity at any measurement period.
The concentration of a-tocopherol was higher ( P < .01) in each tissue at each measurement period when vitamin E supplemented the boar diets (Table 3) .
After the completion of Exp. 3, the tissue Se and atocopherol content of sexually active and inactive boars were compared. Because there was no interaction ( P > .15), only the main effects of sexual activity, dietary Se, and vitamin E are presented (Table 4) . Serum and liver GSH-Px activities were lower ( P < .05) in sexually active boars, but testis GSH-Px activity was similar for both sets of boars (Table 4) . As during the growing period, dietary Se and vitamin E resulted in higher ( P < .01) tissue concentrations when each nutrient was fed. Testis measurements (i.e., circumference, length, and width) were similar between sexually active and inactive boars (Table 4) . Testes were heavier in sexually inactive boars ( P < .01), but when the weights were expressed on a per kilogram body weight basis they were similar. Within each set of boars, dietary Se or vitamin E had no effect on testicular measurements or their weights ( P > .15).
Semen Quality. Neither dietary Se nor vitamin E supplementation had any effect on several semen measurements determined during the 16-wk collection period, nor any interaction response ( P > .15). Consequently, only the averages for the various measurements from the 1st and 16th wk are presented in Table 5 . The volume of ejaculate was similar as boar age increased, but the boars at the end of the trial had higher concentrations of sperm ( P < .01), and therefore more total sperm per ejaculate ( P < .01). The inclusion of either dietary Se or vitamin E had no apparent effect on these measurements ( P < .15). Liu et al. (1982) had previously demonstrated a lowered sperm concentration in Se-deficient boars.
Selenium concentration in the semen tended to be lower in the boars after 16 wk of collection, but the response was not significant ( P > .15). When dietary Se was fed, the semen Se content and GSH-Px activities ( P < .01) were higher. Boars had similar semen a-tocopherol contents and GSH-Px activities at wk 1 and 16. When vitamin E and Se fortified the diets the concentration of a-tocopherol increased ( P < .01) in the semen. There was, however, a trend for sperm concentration and total sperm numbers to increase when vitamin E was added to the diet, but the response was not significant ( P > .15).
Semen samples at wk 1 and 16 were subsequently partitioned into the seminal plasma and sperm fractions. The seminal plasma fraction had a higher Se ( P < .01) content and a higher GSH-Px activity ( P < .01) when Se fortified the diet. No a-tocopherol was detected in the seminal plasma even when boars were fed vitamin E.
Sperm cells had a substantially higher Se content and GSH-Px activity than seminal plasma, but sperm cells also had a similar Se concentration or GSH-Px activity at the beginning and end of the 16-wk collection period, respectively. Sperm Se content and GSH-Px activities were higher ( P < .01) when Se supplemented the boars' diet. Sperm a-tocopherol content was also higher when vitamin E was added to Figure 1 . Effect of dietary addition of Se (selenite) and vitamin E (dl a-tocopheryl acetate) on the percentage of normal spermatozoa for a consecutive 16-wk collection period in boars. The overall decline in normal sperm was significantly different for the Se (P < .01) and vitamin E (P < .05) treatment groups (SEM = 2.3). (selenite) and vitamin E (dl a-tocopheryl acetate) on the percentage of spermatozoa with cytoplasmic droplets over a consecutive 16-wk collection period in boars. The overall effect was significant for the Se (P < .01) but not for the vitamin E (P > .15) treatment groups (SEM = 3.3).
the diet and in the boars after 16 wk of collection, resulting in an age × dietary vitamin E interaction response ( P < .05).
Sperm Quality. The effect of dietary Se and vitamin E on weekly changes of sperm morphological characteristics over the 16-wk collection period is presented in Figures 1, 2, 3 , and 4. The percentage of normal sperm declined in all treatment groups over the 16-wk period (Figure 1 ). The percentage of normal sperm declined similarly for all treatment groups through the first 5 wk of the collection period, but it declined more rapidly by treatment groups from wk 6 to 16. The decline in the percentage of normal sperm was more rapid ( P < .01) when the unfortified Se diet was fed during the 16-wk collection period. There was also a decline ( P < .01) in the percentage of normal sperm when the unfortified vitamin E diet was fed, but the difference was not as great as that between the Se treatment groups. The Se × vitamin E interaction response was not significant ( P > .15).
No evidence of cytoplasmic droplets for any treatment group was evident in the semen during the initial 7 wk of the collection period, whereas from 7 to 16 wk a higher percentage of these droplets were present in all boars (Figure 2) . Boars fed the unfortified Se diet, however, had the highest ( P < .01) percentage of sperm with cytoplasmic droplets from wk 8 to 16. Boars fed the unfortified vitamin E diet Figure 3 . Effect of dietary additions of Se (selenite) and vitamin E (dl a-tocopheryl acetate) on the percentage of spermatozoa with abnormal (bent, shoehook) tail morphology over a consecutive 16-wk collection period in boars. The overall increase in these abnormalities was significantly different for the Se (P < .01) but not for the vitamin E (P > .15) treatment groups (SEM = 4.6). (selenite) and vitamin E (dl a-tocopheryl acetate) on the percentage of motile spermatozoa for a consecutive 16-wk collection period in boars. The overall decline in sperm motility was significantly different for the Se (P < .01) and for the vitamin E (P < .05) treatment group (SEM = 5.4). also tended to have a higher incidence of cytoplasmic droplets, but the response was significant ( P < .05) only during wk 12 and 13. Liu et al. (1982) had also demonstrated that Se-deficient boars had a higher percentage of sperm with cytoplasmic droplets.
The incidence of abnormal bent and shoehook tails increased linearly ( P < .01) in all treatment groups during the 16-wk collection period (Figure 3 ). Percentages of sperm exhibiting these characteristics were highest in the group fed the unfortified Se diet from wk 5 to 16 ( P < .01). Boars fed diets without added vitamin E also exhibited a higher percentage of these abnormalities ( P < .05) only on wk 5, 6, 8, 14, and 15 .
The incidence of sperm with coiled tails was higher ( P < .01) when the diet did not contain added Se or vitamin E, but it averaged < 1.5% of the total sperm from wk 7 to 16 (data not presented). Tailless sperm averaged about .4% for all boars for the 16-wk collection period. Although the percentage of tailless sperm tended to be somewhat higher when the diet was not fortified with Se or vitamin E, the results were not significant ( P > .15; data not presented).
The effects of the dietary treatments on resulting sperm motility presented in Figure 4 demonstrated that sperm motility remained relatively constant at each weekly measurement period when the diet was fortified with Se but declined in all other treatment groups. The lower sperm motility and the decline over the 16-wk period when the unfortified Se diet was fed occurred at each measurement period ( P < .01). Boars fed the unfortified vitamin E diet also had semen with a lower percentage of motile sperm at each weekly measurement period ( P < .01), but the difference between the vitamin E treatment groups was not as large as between the Se treatment groups. Because the study was conducted over the spring and summer months, the higher environmental temperatures may have exacerbated the overall decline in sperm motility and other sperm characteristics.
Fertilization Rate. Boar semen quality determinations conducted immediately before the ovum fertilization trial are presented in Table 6 . In general, there was an increase in the percentage of normal sperm in all treatment groups compared with the results at the end of the 16-wk collection period of Exp. 2, particularly in the boars fed either the unfortified Se or vitamin E diets. This was largely attributed to the fewer collections per week between Exp. 2 and 3, and therefore the more efficient use of these nutrients from labile tissue reserves resulted from the lower production demand for these nutrients. The number of normal sperm and the percentage motility of sperm, however, continued to be lower ( P < .01) when the unfortified Se diet was fed. Boars fed the unfortified vitamin E diet and boars fed the diet with added vitamin E had similar sperm concentration, percentage motility, and percentage of normal sperm.
The effect of inseminating mature gilts on the resulting fertilization and the number of accessory spermatozoa penetrating the zona pellucida of the oocyte from these treatment boars are presented in Table 6 . The number of fertilized oocytes from the boar group fed the unfortified Se diet was lower ( P < .05). Additionally, the number of accessory sperm was lowest ( P < .01) when the unfortified Se diet was fed compared with boars fed Se. Gilts inseminated with semen from boars fed the unfortified vitamin E diet and from those fed the vitamin E-supplemented diet had similar fertilization rates and numbers of accessory sperm in the zona pellucida.
Discussion
The feeding of diets low in Se and vitamin E from weaning through sexual maturity in this experiment was intended to evaluate the prolonged effects of feeding low dietary levels of Se and vitamin E on the production of sperm, its effects on semen quality, and whether the resulting semen produced from such males would affect fertilization in adult female pigs. Although the diets were prepared as semipurified, the resulting concentrations of Se (.063 ppm) and vitamin E (3.46 mg a-tocopherol/kg) were typical of many corn-soybean meal mixtures.
The resulting tissue Se concentration from boars fed these experimental diets suggests that the testicular parenchyma has a high requirement for Se, as evidenced by the relatively high Se content and GSHPx activity of the testis even when the diet was not fortified with this nutrient for an extended time. The high testicular Se content and the resulting high concentration of Se in the sperm suggests a functional role for this element in the sperm cell. Our other results (Marin-Guzman, 1990 ) demonstrated that Se has a role in the morphology of the sperm tail, and possibly in its metabolism.
Although environmental temperature may have had an effect on overall sperm motility and the percentage of normal sperm, there was clearly a dietary effect of Se and vitamin E on boar sperm quality. When treatment diets were not fortified with either Se or vitamin E, the resulting quality of sperm declined over time. Dietary vitamin E inadequacy did not seem to have as great an effect on sperm cell motility and quality as Se; however, when Se and vitamin E were supplemented, sperm motility and the percentage of normal sperm were improved. The motility responses of sperm we observed are consistent with the report of Behne and Wolters (1983) , who evaluated similar responses in the adult rat. The role of vitamin E as an antioxidant in semen, as suggested by Brzezinska-Slebodzinska et al. (1995) , indicated that peroxide damage can alter the morphology of the sperm. Because our results demonstrated that atocopherol was present in the sperm but not in the seminal plasma, it would seem that vitamin E may directly protect the sperm from morphological damage by binding endoperoxides, which may therefore affect the percentage of normal and motile sperm cells.
The decline in semen quality over the 16-wk collection period was clearly affected by inadequate dietary Se and vitamin E and may have also been exacerbated by the collection of semen three times weekly. A less strenuous semen collection schedule was followed between the time period of Exp. 2 and 3, when semen collection was reduced from three times to twice weekly. The resulting quality of semen seemed to improve with fewer collections, particularly in the unfortified vitamin E group, but not for the group fed Se. This also implies a different mode of action for vitamin E than for Se.
Comparing sexually active and inactive boars at 18 mo of age demonstrated that the testis continued to retain a high Se content even when continued ejaculations occurred over the course of these three experiments. The present experiments demonstrated that sexually active and inactive boars maintained similar testicular Se levels, despite the Se losses in ejaculated semen. Consequently, labile Se reserves from other tissues are probably diverted to the testes. To support this conclusion, there was a relatively lower liver Se concentration but a higher relative amount of Se in the testis when boars were fed the unfortified Se diet. In contrast, when testis atocopherol content was lower during the reproductive process, liver a-tocopherol content was similar in sexually active and inactive boars.
In the fertility trial conducted in Exp. 3 mature gilts were inseminated with a constant total sperm concentration. Our objective was to evaluate the efficacy of dietary Se and vitamin E on boar semen and its subsequent fertilization rate in mature gilts. When boars were fed the unfortified Se diet, a lower fertilization rate and fewer accessory sperm in the oocyte resulted. Consequently, this study demonstrated that sow fertility rates can be influenced by the Se status of boars, with fewer sperm cells reaching and penetrating the outer layer of the oocyte in the oviduct. Although our results did not demonstrate as dramatic an effect of vitamin E on these latter criteria, if vitamin E serves as an antioxidant in the semen of boars, it would seem then that both nutrients have a separate but important role in maintaining semen and sperm quality in reproducing boars.
Implications
Diets inadequate in Se and vitamin E fed for prolonged periods will affect the reproductive efficiency of boars. Testicular tissue has a high priority for Se retention and utilization compared to liver. When low-Se and -vitamin E diets were fed, sperm motility declined and the percentage of abnormal sperm increased. Boars fed low-Se diets produce a higher percentage of abnormal sperm, mainly by disrupting tail morphology. Boars with a low Se status had fewer sperm reaching and penetrating the zona pellucida, and this could affect ovum fertilization rate. Although a diet low in vitamin E can also reduce the percentage of normal sperm, vitamin E seems important for boars, but it may function in a different manner than Se, perhaps through its antioxidant properties on the sperm.
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